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FLIGHT MEASUREMENTS OF THE LATERAL CONTROL CHARAGIERIS’I‘ICS '
OF NARROW-CHORD AILERONS ON THE TRAILING EDGE
OF A FULL-SPAN SLOTITED FLAP

By Richerd H. Sawyer
SUMMARY

Results are presented of flight tests made to determine the
effect of flap deflection on the lateral control characteristics of
a modified Brewster F2A-2 airplanc equipped with partlal-span
narrow-chord ailerons.on the trailing edge of a full-span NACA
slotted flap. The investigstion included determination of the
rolling and yowing characteristice of the airplane in abrupt alleron
rolls Eégh the slotted flap et verious settings ranging from 0° to
aboutb . , o . . .

The results showed that the effectiveness of the allsrons was
groatly reduced a2t flap deflections greater than about 20°. TFor
flap deflections wp to about 20°, the aileron effectiveness was
about the saime’ a8 with flaps retracted, but. the adverse yawing
velocity developed in the abrupt aileron rolls was somewhat
increased. This increase in the adverse yawing velocity, however,
was not consideresd obaf?ctign&;ble_by the pilot. . . _

TNTRODUCTION _
Much interest has been evidenced in the possibility of using
narrow-chord ailerons on the flap trailing edge to mrovide lateral
control with the use of full-span slotted flaps. Wind-tunnel tests
(references 1 and 2) indicated that such an arrangement would
brobably be unsatisfactory because of.a serious decresse in the
effoctiveness of the allerons at large flap deflections. Flight
tests have subsequently bévn made of a Browster FPA-2 airplanc
Titted with an experimontal wing incorporatin:s full-span slotboed
flaps and nerrow-chord ailerons on the flap trailing edge. '
_ Tho experimental laterel-control installation in the FRA-2 ajir-
Plane was originally arranged so that the flap~trailing-edge ailerons
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were operated only with the flaps retracted or at mmmll deflections
and slot-1ip ailerons were used at larger flap deflections. The
results of flight teste of such an arrangement are presented in

reference 3.

The present paper gives the results of flight bests of the

narrow-choxrd ailerons on the flap tralling edge wlth flap deflec~
tions of 0°, 21° 32°, -and 42°. In addition to the determination

of the rolling effectiveness of these ailerons, atbention was given
to the yawing motions introduced by the allerons as affected by
flap deflection.

ATRPLANE

A Brewster P2A-2 airplane, Titted with a speclal wing
Incorporating full-span NACA slotted flaps and both partial-span
flap-trailing-edge ailorons and slot~lip aillerons, was used for
the tests.

= 5. - - i

A complste description of the airplane is glven in refer-
ence 3. Airplane dimonsions pertinent to the present tests aro
given as follows: .

-

Wing:
Syrean, ft « « . . D )
Area (including 30 8 sq ft of fuselage), 8g £5 o « + +» . . . 208.9
Alrfoil section: _ _ _ e e
ROOt . L] L] . . 3 - - . . L] . . . . - . ] ] [ . [ ] . » NA.C.A. 23018
Tip . LI} . [ . . . . . . . . . . . ] . » 1) . . [} . v NACA 23m9
Wing flaps (NACA slotted type):
Total area, 8¢ £ + « « « ¢ « o ¢ « « « o o o o s 0 « « o« o 4h.8
Plap somispan .« v o ¢ + « o o s o « o v o s o @ .. 1h f% 452 in.
32
Tr'ivel dﬂg « . e « ¢ & o ¢ & & & e & 4 & & m.8 » 50
Chord (~5 percent mean wing chord), 1n. e e e e e e e s v . 19.05

Flap"trailing-edge allerons:
Span {(88Ch) + v« 4 v 4 4 e e e s e e e e e s e e 9 £t 10% in.

Chord ({10 percent mean wing chord), in. e e e e - T
Area (roarward of hinge line, each), 8¢ £t ¢ + o ¢ s+ ¢« « « + « 5.6
.LI'ELvel a o o e o ¢ & & w 2t 4 e ¢ e e s 17.50 up, 17-50 dom
Baj-ance area (eaCh), Bq_ £t - L T T L T T S S S 1-76

-
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Vertical tail: - 3
Vertical. 8pan o « o« s ¢ ¢ « » s o ¢ » ..__._....)fthEin.

Mea‘ Bq fﬁ L] - . . « . L ] < . L] L] . L] L] L . L) L] L] L] L] . * . L] l9l2
Welght as flown for tests, Ib v + ¢ « ¢« o« ¢ ¢« ¢ ¢ ¢ v « « « « « 580

Views of the airplane are given as figures 1 and 2, and a sketch
showing the plan view of the flap and laterel-control arrengement
on the wing is given as figure 3. , ,

Pogitions of the full-span slotted flap with respect to the
wing at varlous flap deflections are shown in figure 4. A cross
section of the flap-trailing-edage ailerons, ich were inbternally
balanced, is shown in figure 5. The relatlons between conbrol-
stick position and deflections of the flap~-trailing-edge ailerons
are given in figure 6. '

For the present tests, the latersl-control system was arranged
to permit full operation of the flap~trailing-edge ailerons at all
flap deflections. The slot-lip ailerons were locked in their
neutral position for all tests.

_ INSTRUMENT INSTALLATYON

The following NACA photographically Yecording instruments
were Installed in the airplsne:

Item measured NACA instrument

Time . %-second chronometric timer
Alrspeod Alrgpeed recorder
Pogition of control stick Three-element control-position

and rudder pedals recordor
Position of right aileron Electrical control-position

recordeyr

Rolling velocity Anguler-velocity recorder
Yawling velocity Angular-velocity recorder
Angle of yaw Recording yaw vane

All the recording ingtruments were synchronized by the timer.
The airspeed recorder was connected to a swiveling static head,
free to rotate in both pitch and yaw, and to a shielded total-
Dreossure tube, both of which were mounted on a boonn extending
1 chord shead of the right wing tip. The yaw vane was motnted on
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a pimllar boom on the left wing tip. The three-element—control-
posltion recarder was sitnated in the cockplt near the base of

the stick. The electrical control-position recordor was mounted
on the upper surface of the right wing adjacent to the inboard end
of the aileron. ) .

TESTS, RESULDS, AND DIsCUSSION =~ _ L

. The tests, consisbing of abrupt aileron rolls with the
ruwider held fixed in its trim position, were made in accordance
with the procedurc outlined in roference . Full-control-
deflection rolls were made at various alrspeeds in the low-epeod
range for flap deflectivns of 0°, 21°, 329, and 42°, Several
partial-control-deflection rolls were made at cne airspeed for o
each of the foregoing flap deflections except for L2° flap deflec- i
tion. The tests were made at altitudes betwsen TOOO and 8000 foot.
Typical time histories of these mancuvers are shown in figure 7.

~ " The effectivenese of the flap-trailing-edsge allerons - in
terms of thé helix angle pb/eV - is plobted against right
alleron deflection from tiim, for the various flap dcfloctions
toated, in figure 8 and agsinst calibrated ailrspecd, for approxi-
mately full control deflection, in figure 9. Tho principal char- |
acteristic of tho ailerons indicated by theso rosults i1s the varie-
tlon in effectivoness with flap deflection. In order to show this
variation morc directly, the faired data of figure 9 are cross-
rlotted against flap doflection in figure 10 for a calibrated
airspeed of 95 miles per hour; for comparison, data obtained from
rof'erence 2 for flap doflections of 0° and 10° are also shown in .
figure 10. The results of the two_ investigatlons show a dis-
crepancy of about 10 percent in the absolube valus of pb/EV with
flap noutral; this discrepency suggeste that changes moy have
occurred in tho sirplane during the yoar between the two sories of
tosts. Both investigations, however, indicete_ similar tronds in
the effoct of amoll flap deflections on ailoron effoctivoness;
the teste of roference 3 show no change in effectiveness Tor flap
doflections up to 10° and the present teste indicate only a small
docroase in offectivonoss with the flap dofleocted up ta about 20°.
For flap deflections greater than about 209, tho ailecron offective-
ness docreases rapidly, until at 42° flap dofloction tho offecctivo~
ness is only about 45 percent of tho effectivonovss with flaps up
for the airspood shown. At lower airspcods, tho decrease in the
offectivencss is even groater. These rosulbs are in goneral '
agrocmont with wind-tunnel results (roforences 1 ang 2), '

seme - F-0 L
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Reference 3 points out that although the effectiveness of the
Flep-tralling-edge allerons on the F2A-2 ailrplans was not considered
entirely adeguate wlth flaps nsutral or defleched 109, the effec-
“tlveness could probably he made satisfactory by a moderate lncreasc
in the alleron-deflection range. The results of the present tests
indicate that this conclusion is also appliceble for flap deflec-
tions up to about 20°. For larger flap deflections 1t is improbadble
that the allerons could be made to provide sufficient control by
any practical modifications.

As an indlcation of the yawing motions Introduced in the
abrupt alleron rolls, the maximum sngles of sideslip developed
(see fig. 7) are plotted in Figure 1l against calibrated airspeed
for the flap deflections tested. The direction of roll seems to
affect the amount of sideslip duwring the roll, and the sideslip
appears to be, for the most part, less with flaps deflected than
with flaps up. For a given rolling effectlveness, howover, the
angle of sideslip geneorally increases with flap deflection.

The varlatlon of the ratio of maximmn adverss yawing veloclty
to maximm rolling velocity developed in the abiupt ailleron rolls
with calibrated airspeed at the flzp deflectlons tested is given
In figare lz. The variation of this ratio with flzp defloction
is shown in figure 13 for a calibrated airspecd of .95 mileos .per
hour. These results show that at 95 miles per howr tho ratlio of
maximum adverse yawing velocity to rollinz veloclby incresees from
approximgately 20 porcont with flaps up to about 60 porcent with
flaps dsf]octed 4z0

. The sldeslip and yawing charecteristics glven in figures 11
to 13 are considored of practical importance only for flap defloc-
tions up to about- 20° because at larger flep doflections the
allerons have so little effcctivoness in producing roll that other
cheracteristics.are of little significance. For the Ffirst 20° of
flap deflection, the increase in the angle of. sideslip. for a given
rolling effectivoness and the increesse in tho adverse yawing
veloclty were not considered objectionable by the pillot.

CONCLUDING REMARKS

The results of flight tests of partisl-span narrow-chord
allerons on the trailing edge of a full-spen NACA slotted flap
indicated that with flap deflections greater than about 20° the
alleron effectiveness decreased rapdily, until at 4£° flap
doflectlion the maximum efifoctiveness obtained at low airspeeds
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avoraged only about 45 percent of the effectiveness with flaps
revracted. Deflection of the flaps up to aboubt 20° had little
efect on the rolling effectiveness of the allerons but resulted

in some increase in the adverse yawing velocity developed in the
abrupt alleron rolls. This incresse in the adverse yawing veloclty,
hovever, was not considered obJjectionable by thoe pllot.

Langley Memorial Aeronautical Leboratory
National Advisory Committec for Aeronautics
Langley Field, Va., October 25, 1946
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Figure 1.- Three-quarter rear view of F2A-2 sirplane with full-
span slotted flap deflected. Flap deflection, 50°.
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Figure 2.- Three-quarter rear view of right wing of F2A-2
airplane with full-span slotted flap. Flap deflection, 10°;
flap~trailing-edge aileron deflected downward.
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Figure 3,~ Plan form of F2A-2 wing with full~-spen slotted flap, flap-trailing~
edge ajleron, and glot-lip ailerom. )
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Figure k.- Positions of full-span slotted flap for various angular displacements
with no load on flap, as measured at spanwise gtation 32 percent of
. sémigpan from center line. F2A-2 airplane. !
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Figure 5,~ Seotion view of F2A~2 wing 'shoring flap-tralling-edge aileron and slotted flap,
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Figure 13.~ Ratio of maximum adverse yawing velocity to maximum rolling velocity in
abrupt aileron rolls with flap-trailing-edge ailerons. Average of
right and left rolls; callbrated airspeed,95 miles per hour; approxi-
mately full control defleotion; level-flight power, F2A-2 airplane.
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